We have begun a program to measure o s c i l l a t o r strengths of autoionizing resonances that result from a t r a n s i t i o n in the VUV between a laser excited i n i t i a l state and a f i n a l state in which a core electron i s promoted. These measurements demonstrate a new technique to combine synchrotron radiation, laser pumping, and photoelectron spectroscopy.
1
Total cross section measurements and the parameters that describe autoionizing resonances have been determined.
Most of these studies have been made from the dipole allowed ground state. Recently autoionizing resonances have been observed from excited i n i t i a l states 3 and from ion i n i t i a l states. 4 We have heard several t a l k s 5 , 6 at t h i s meeting which described some of t h i s type of research. In the measuranents to be described in t h i s paper, laser radiation is combined with synchrotron radiation, as shown schematicaly i n Figure 1 , to study the photoionization from excited i n i t i a l states to continuum f i n a l states or to autoionizing f i n a l states. Continuum radiation from the Aneau de Collisions d'Orsay (ACO), which i s installed at the Universite de Paris-Sud,in Orsay France, is monochromatized by a toroidal grating monochromator (TGM) 7 and is focused by a toroidal output mirror on to a weakly collimated sodium beam emanating from a furnace mounted on the axis of a cylinderical mirror analyzer (CMA). This electron spectrometer is used to study the kinetic energy d i s t r i b u t i o n of the ejected photoelectrons produced by the interaction of the photon beam with the focused synchrotron radiation.
This arrangement has been used to study atoms 8 and molecules 9 in the ground state. To extend this research to excited states 10 , we have mounted a ring dye laser (maximum intensity at the sodium D lines 9w/cm 2 ) so that its beam traverses the CMA in a direction perpendicular to the CMA axis at the focus of the synchrotron radiation. The laser is stabilized to 20 MHz by locking it to the 3 2 S 1/2 (F=2)->-3 2 P 3 / 2 (F=3) transition in an auxiliary collimated sodium beam also shown schematically Figure 1 . The size of the laser beam is adjusted so that it just fills the source volume, V. Electrons emanating from this volume at the magic angle (54°48') can be detected.
We have chosen to determine the oscillator strength of a group of autoionizing resonances in sodium 11 with the same parity as the ground state.
The area N(hv) of the photoelectron peak from 2p ionization of the laserexcited atoms is proporational to the product of the excited state density and the photoionization cross section a(hv) 1 2 :
where K is the spectrometer constant, K h v ) is the photon flux at photon energy hv; E(hv) is th kinetic energy of the photoelectron; n(3p) is the density of laser-excited atoms; AE is the monochromator band pass, and W is the photon monochromator window function. Similarly, the integrated area N(hv R ), of the photoelectron peak for the autoionizing resonance is given by:
where I(hv R ) i s the photon f l u x a t the resonance e x c i t a t i o n energy, E(hv R ) i s the k i n e t i c energy of the decay e l e c t r o n and AE R i s the monochromator bandpass. In our experiment, the monochromator bandpass (about O.leV i n f i r s t order) was much l a r g e r than the width o f the resonance, and the i n t e g r a l over the o s c i l l a t o r s t r e n g t h density i n Eq(2) can be replaced by the o s c i l l a t o r strength of the resonance. The o s c i l l a t o r strength can be obtained from the r a t i o o f Eq(2) t o E q ( l ) , y i e l d i n g :
This r a t i o i s independent of the excited s t a t e d e n s i t y , one o f the more d i f f i c u l t q u a n t i t i e s t o determine experimentally. A l l the terms on the r i g h t of Eq(3) can be determined experimentally, but one can obtain a very good approximate value of f i continuum cross section, i s equa state. 1 3 by assuming a(hv), the excited state to the photoionization f o r the ground
In Figure 3 we plot Eq(3) as a function of photon energy for some autoionizing resonances i n sodium vapor. Photoionization cross sections from an excited ground state i n lithium and barium have also been obtained. 
